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Abstract
Background rate reduction is of utmost importance for neutrinoless double beta decay experiments like CUORE (Cryogenic Un-
derground Observatory for Rare Events). A major source of background for CUORE comes from surface contamination from inert
materials, mainly degraded alphas from the supporting copper structure of the bolometer modules. We investigated a novel alpha
background suppression technique using conformal polymer coating with Parylene in a bolometric validation run. A 50 micron
thick layer of Parylene coating on the copper structure surface was chosen to eﬀectively range out degraded alphas. The measured
alpha background rate and its implications will be discussed.
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1. Introduction
Neutrino-less double beta decay (0νββ) is a postulated decay process in which two neutrons in an atomic nucleus
decay to two protons and two electrons simultaneously but emit no neutrinos in the process (c.f. recent review
articles [1, 2]). If observed, 0νββ conﬁrms that neutrinos are Majorana-fermions, i.e., neutrinos are the anti-particle of
themselves. 0νββ directly measures the eﬀective Majorana Mass of neutrinos, which is deﬁned as mββ ≡ ∑3i=1 |Uei|2mi,
where Uei are the matrix elements of the ﬁrst row of the PMNS (Pontecorvo-Maki-Nakagawa-Sakata) mixing matrix
of three generation neutrinos and mi are the three mass eigenstates of neutrinos. Therefore, eﬀective Majorana mass
(or a limit) provides insights to other signiﬁcant neutrino questions such as absolute mass scale and mass hierarchy.
The CUORE (Cryogenics Underground Observatory for Rare Events) experiment [3] searches for 0νββ of 130Te
using 988 5-cm-cube natTeO2 crystals in a bolometer array. For CUORE and other 0νββ experiments with ﬁnite
background, the half-life sensitivity limit is proportional to
√
(M · t)/(b · δE), where M, t, b, and δE are detector mass
in kg, experiment live time in years, background rate in unit of counts/keV/kg/y, and energy resolution in keV [4].
CUORE features a detector mass of M = 741 kg, an expected total live time of ﬁve years, and an energy resolution
of 5 keV at the Q-value. The expected background rate in the region of interest (ROI) of 0νββ is 0.01 counts per
keV·kg·y.
To achieve this low background rate in bolometers special attention is needed to suppress the surface background
as well as the bulk background in materials. CUORE bolometer modules are not able to distinguish an incident α
particle from β/γ particles therefore a degraded α particle may mimic a 0νββ event in the ROI. This hypothesis was
conﬁrmed in a CUORE predecessor experiment and R&D bolometric tests [5, 6]. In this article, we present a novel
surface contamination suppression technique using conformal thin ﬁlm coating with Parylene. The overall alpha
background reduction is comparable to the previously validated techniques.
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Figure 1: (a) Three types of background sources of CUORE bolometer modules are illustrated: 1) γ background from bolometer material and
cryostat; 2) α background from the copper supporting structure; and 3) α background from TeO2 crystal surfaces. See text for more details. (b)
Alpha stopping range in Parylene-C. The curve is simulated using SRIM.
2. CUORE background
2.1. Background contributions in the ROI of Cuoricino
Cuoricino [5], the precursor experiment of CUORE, ran from March 2003 to May 2008 with a total 40.7 kg of
TeO2 (11 kg of 130Te). Cuoricino collected a total 130Te exposure of 19.8 kg·yr. Cuoricino did not ﬁnd a 0νββ signal
above background and established a lower limit on 130Te 0νββ half-life of 2.8× 1024 years (90% C.L.). In the 0νββ ﬁt
window of 2474 to 2580 keV, the average background rate is 0.169 ± 0.006 counts per keV·kg·y.
The primary contributions to the background in the ROI of Cuoricino/CUORE (a 130 keV window around the
Q-value of 130Te) are 1) Compton scattered gammas, 2) surface contamination of nearby copper structure, and 3)
surface contamination of the TeO2 crystal surfaces. From the background model of Cuoricino [5], Compton scattered
2615 keV γ ray from 208Tl of cryostat materials contributed roughly 40% of the background in the ROI. Surface
contamination of nearby copper structure contributed roughly 50% of the background. Particles originating from the
surface of inert structures may lose part of its energy within their original structure and leave the rest of its energy in
the crystals. This type of contamination is primarily from degraded alphas but can also be attributed to gamma+beta
decays. Similar to contaminants within the surface of the support structure, surface decays from the crystals can leave
part of its energy within one crystal and the rest of its energy within another crystal. This type of contamination
contributed 10% of the background.
2.2. Copper treatment with the Three Tower Test (TTT)
The TTT is a bolometric test measurement constituted by three 12-crystal arrays used to validate the eﬀectiveness
of three diﬀerent copper surface cleaning treatments in reducing the surface contamination background ROI [6]. For
the ﬁrst tower (T1), the copper structure was wrapped with about 70 μm thick of polyethylene (PE) ﬁlm after cleaning
with Micro-90 soap, water, and citric acid. The PE ﬁlm ranges out most of the problematic alpha particles in the energy
range of 5 to 7 MeV. For the second tower (T2), chemical electroerosion, etching, and passivation were applied with
ultra-pure reagents. For the third tower (T3), a technique combining tumbling, electropolishing, chemical etching,
and magnetron plasma etching (TECM) was used. For both T2 and T3, the surface layer of copper was etched oﬀ to
eliminate surface contamination introduced in the fabrication process.
2.3. Parylene Coating
Parylene is a trade name for the Poly-para-Xylylene coating ﬁlm formed by chemical vapor deposition (for more
info, see, e.g. [7]). Parylene is coated conformally at room temperature with uniform controllable thickness all over
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Figure 2: Pictures of copper structure before coating (left) and assembled Parylene tower (right).
the object in the deposition chamber. The deposition process starts with [2.2]paracyclophane, also known as dimer.
When heated up under vacuum, e.g. 90◦C for Parylene-C dimer, the dimer vaporizes and enters a higher temperature
furnace at about 690◦ where it breaks to its monomeric form. The momoner reaches the deposition chamber at room
temperature and deposits on all surfaces conformally as a thin polymer ﬁlm. For Parylene-C, the deposition speed is
on the order of 1nm per second.
A conformal coating of thin Parylene ﬁlm over CUORE copper frames provides a barrier between copper and
TeO2 crystals. Alphas emitted from the copper surface may stop in the Parylene given enough thickness of the ﬁlm.
We use SRIM [8] to simulate the stopping range of alphas in Parylene, as shown in Figure 1b. For CUORE, the most
problematic 5.3 MeV alpha from 210Po stops in about 40 μm Parylene-C ﬁlm.
To test the eﬀectiveness of Parylene we assembled a 12-crystal bolometer array for a cryogenic bolometric test
after all the copper components of the array are coated with ∼ 50 μm-thick Parylene-C ﬁlm. All the copper parts were
ﬁrst cleaned following the standard procedure established in the PE tower cleaning of TTT. The copper frame parts
were assembled together with Teﬂon spacers in place (See Figure 2 left) and coated in Parylene-C ﬁlm before it was
reassembled with the crystals. The coating process lasted for about 12 hours and an average 50 μm-thick Parylene-C
ﬁlm was deposited. The cylindrical copper thermal shield was also coated with Parylene-C ﬁlm of similar thickness.
The assembled bolometer array (See Figure 2 right) was attached to the CUORE R&D cryostat in Hall C of LNGS
underground lab for the bolometric test. Data taking started in October, 2012 and lasted for two months.
3. Data Analysis
3.1. Detector Performance
Data from the Parylene tower was processed and analyzed using the same procedure as in Cuoricino [5]. We
gathered 37.24 days of live time bringing our exposure to 0.765 kg·yr. The energy resolution of each channel was
evaluated from the Gaussian FWHM of the 2615 keV calibration peak. The average detector energy resolution is 4.43
keV, the channel with the best energy resolution on each crystal was used.
Data used in the analysis must pass two levels of data selection cuts. First are global quality cuts that are decided
a priori to maintain detector performance. Global cuts are designed to reject time intervals with excessive detector
baseline temperature drifts. The second level of cuts are event-based comprising of pulse-shape requirements, pile-up
rejection, and anti-coincidence selection. Pulse-shape cuts measure the deviation of an event compared to the average
detector response and are used to reject non-physical events. Pile-up and anti-coincidence cuts are used to select
single events contained within single crystals. The average total eﬃciency of the cuts was evaluated to be 84.38%;
eﬃciencies were evaluated on the channel with the best energy resolution on each crystal.
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Figure 3: Energy spectrum over all background runs applying anti-coincidence between diﬀerent detectors (left) and background spectra in the
degraded alpha region from 2.7 to 3.9 MeV applying anti-coincidence between diﬀerent detectors (right)
3.2. Background Rates
The focus of the Parylene tower was to evaluate the eﬀectiveness of Parylene in reducing surface contamination
from the copper tower structure. The signature of this contaminant is a ﬂat continuum from 2.7 to 3.9 MeV (excluding
3.2 to 3.4 MeV range due to intrusion of Pt atoms in the bulk of the TeO2 crystals during their growing procedure)
as it is above all naturally occuring γ lines. We evaluated the total background rate from degraded α particles in
the Parylene tower to be 0.073 ± 0.010 (statistical). Using a technique from the CUORE Crystal Validation Run
(CCVR) [9], we corrected for an excess counting rate from 210Po due to the young age of the crystals.
We compare the background rate from degraded α particles of the Parylene tower with Cuoricino and TTT in
Table 1. The background rate from the Parylene tower is comparable to both the PE wrapped tower (T1) as well as
the TECM cleaned tower (T3).
Table 1: Background Rates (2.7-3.9 MeV) (c/keV/kg/y)
Tower Total Anti-coincidence
Cuoricino 0.116 ± 0.002
T1 0.068 ± 0.006 0.052 ± 0.008
T2 0.120 ± 0.012
T3 0.072 ± 0.008
Parylene 0.073 ± 0.010 0.060 ± 0.009
4. Summary
Parylene coating of copper provides a simple and reproducible method of mitigating alpha contamination for
CUORE-style bolometers. The background rates of the Parylene validation run in the alpha region from 2.7 to 3.9
MeV (excluding the 190Pt α line from 3.2 to 3.4 MeV) are comparable to the background rates of TECM cleaning
technique as well as the Polyethylene wrapped technique from the TTT. Parylene coating has been validated as an
alternative to the standard TECM cleaning for the CUORE towers.
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